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(57) Abstract 

The present invention 
relates to methods of fabricating 
pixel electrodes (44) for active 
matrix displays including the 
formation of arrays of transistor 
circuits in thin film silicon 
(10) on an insulating substrate 
and transfer of this active 
matrix circuit onto an optically 
transmissive substrate (24). An 
array of color filter elements 
can be formed prior to transfer 
of the active matrix circuit that 
are aligned between a light 
source for the display and the 
array of pixel electrodes to 
provide a color display. 
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METHODS OF FABRICATING ACTIVE 
MATRIX PIXEL ELECTRODES 
Related Applications 

This is a continuation- in-Part Application 
5 International Application No. PCT/US93/08601 filed on 

September 10, 1993 which is a Continuation- in- Part of U.S. 
Serial No. 07/944,207 filed September 11, 1992, the 
contents of which are incorporated herein by reference. 

PagfcTFPWid , of, , the Inxmt ion 

10 Active matrix displays are being developed which 

utilize liquid crystals or electroluminescent materials to 
produce high quality images . These displays are expected 
to supplant cathode ray tube (CRT) technology and provide 
a more highly defined television picture • The most 

15 promising route to large scale high quality liquid crystal 
displays (LCDs) , for example, is the active-matrix 
approach in which thin-film transistors {TFTs) are 
co-located with LCD pixels. The primary advantage of the 
active matrxx approach using TFTs is the elimination of 

20 cross- talk between pixels, and the excellent grey scale 
that can be attained with TFT -compatible LCDs • 

Flat panel displays employing LCDs generally include 
five different layers: a white light source, a first 
polarizing filter that is mounted on one side of a circuit 

25 panel on which the TFTs are arrayed to form pixels, a 
filter plate containing at least three primary colors 
arranged into pixels, and finally a second polarizing 
filter. A volume between the circuit panel and the filter 
plate is filled with a liquid crystal material. This 

30 material will alter the polarization of light in the 
material when an electric field is applied across the 
material between the circuit panel and a ground affixed to 
the filter plate* Thus, when a particular pixel of the 
display is turned on, the liquid crystal material adjusts 
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light being transmitted through the material bo that it 
will pass through the second polarizing filter. 

The primary approach to TFT formation over the large 
areas required for flat panel displays has involved the 
5 use of amorphous silicon which has previously been 

developed for large-area photovoltaic devices. Although 
the TFT approach has proven to be feasible, the use of 
amorphous silicon compromises certain aspects of the panel 
performance. For example, amorphous silicon TFTs lack the 
10 frequency response needed for large area displays due to 
the low electron mobility inherent in amorphous material. 
Thus the use of amorphous silicon limits display speed, 
and is also unsuitable for the fast logic needed to drive 
the display. 

15 Owing to the limitations of amorphous silicon, other 

alternative materials include polycryetalline silicon, or 
laser recrystallized silicon. These materials are limited 
as they use silicon that is already on glass which 
generally restricts further circuit processing to low 

2 0 temperatures . 

Thus, a need exists for a method of forming high 
quality TFTs, driver circuits, and electrodes at each 
pixel of a panel display having the desired speed and 
providing for ease and reduced cost of fabrication. 

25 Summary of the Invention 

The present invention relates to panel displays and 
methods of fabricating such displays using thin-films of 
single crystal or essentially single crystal silicon in 
which transistors are fabricated to control each pixel of 

30 the display. These methods are used to fabricate 

transmissive displays such as liquid crystal projection 
displays, or alternatively, for emissive displays 
including electroluminescent (EL) displays, both of which 
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can be used for a yariety of applications including head 
mounted displays. 

For a preferred embodiment, the thin- film or 
transistor array is transferred onto an optically 
5 transmissive substrate such as glass or transparent 
plastics. The transfer process typically involves 
attaching a transparent substrate to the circuit with an 
adhesive and removing the semiconductor substrate from the 
silicon-on- insulator (SOI) structure on which the SOI 

10 structure containing the circuit is formed. In this 

embodiment, the thin-film single crystal silicon is used 
to form a pixel matrix array of thin-film transistors 
which actuate each pixel of an LCD. CMOS circuitry that , 
is highly suitable for driving the panel display can be 

15 formed in the same thin- film material in which the 

transistors have been formed* The circuitry is capable of 
being fully interconnected to the matrix array using 
thin-film metallization techniques without the need for 
wires and wirebonding. 

20 The pxxel electrodes formed in the active matrix 

display are made from a transparent conductive material 
such as indium tin oxide, or other metal oxides such as 
titanium dioxide or zinc oxide. Conductive nitrides, such 
as altiminium nitride, for example, can also be used. 

25 These electrodes can, in certain preferred embodiments, be 
formed prior to transfer of the circuit onto a transparent 
substrate. Alternatively, in other preferred embodiments, 
the pixel electrodes can be formed after transfer of the 
active matrix circuit onto a transparent substrate. In 

30 these latter embodiments vias are formed through the 
insulating layer on which the transistor circuits are 
formed to conductively connect the pixel electrodes to 
their respective switching transistors. This also permits 
the electrodes to be fabricated over the transistor 

35 circuits. 
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Another preferred embodiment of the invention 
includes the fabrication of color filter elements to form 
a color display . The color filter elements are preferably 
formed prior to transfer and are thus fabricated on the 
5 same side of insulating layer as the pixel electrodes, or 
alternatively, on the opposite side of the insulating 
layer as the pixel electrodes, or in a third alternative, 
are formed on the optically transmissive substrate prior 
to transfer of the circuit onto the substrate. The color 

10 filter elements can include blue, green and red regions of 
polyimide or other suitably pigmented material formed in a 
pattern that is aligned with the pixel electrode array in 
the resulting display device. Alternatively, a 
substractive color display can be formed using color 

15 filter elements having cyan, magenta and yellow pigments. 

This structure for the color filter system permits 
the color filter elements to be placed in close proximity 
to the pixel electrodes. For transmissive systems in 
which the light is not highly collimated and the pixel 

20 size is small, that is, having a pitch between 10 microns 
and 100 microns and preferably in the range between 10 
microns and 30 microns, it is desirable to minimize the 
distance between the filter element and the corresponding 
pixel electrode to reduce the propagation of off -axis 

25 light from a given pixel electrode through the filter 
element of a neighboring pixel . In the present system, 
the color filter elements are placed directly on the pixel 
electrode material, or alternatively, are positioned at a 
distance in the range of 1-10 microns from the pixel 

30 electrode, preferably in the range of 1-4 microns. 
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Brief Description of the Drawings 

Figures 1A-1D illustrate a fabrication sequence of a 
preferred method of forming an active matrix liquid 
crystal display. 
5 Figures 2A-2D illustrate a process sequence for 

forming the pixel electrodes of an active matrix display. 
Figure 3 illustrates another preferred embodiment of 
a contact to a pixel electrode for a liquid crystal 
display. 

10 Figures 4A-4D illustrate another preferred method of 

forming the pixel electrodes of an active matrix display . 

Figure 5 illustrates a cross sectional view of a 
preferred embodiment of the invention in which the 
transistor contact extends to contact the pixel electrode. 
15 Figures 6A-6D illustrate a process sequence in which 

the pixel electrode material directly contacts the 
semiconductor source or drain region. 

Figure 7 is a cross sectional view in which the 
transistor contact to the pixel electrode fills a via 
20 through an insulating layer. 

Figures 8A-8D illustrate a process sequence in which' 
the pixel electrodes are formed after transfer of the 
active matrix circuit. 

Figures 9A-9E illustrate a process sequence in which 
25 regions of the insulating layer are removed after transfer 
to define the pixel electrode regions. 

Figures 10A-10B illustrate another preferred process 
for fabricating pixel electrodes after transfer. 

Figures 11A-11B illustrate a fabrication process for 
30 titanium dioxide pixel electrodes 

Figures 12A-12E illustrate a process sequence for 
fabricating color filter elements on an active matrix 
circuit • 
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Figures 13A-13C illustrate a process sequence for 
fabricating a color filter system on art optically 
transmissive substrate for a liquid crystal display ♦ 

Figures 14 A- 14 C illustrate a process sequence in 
5 which the color filter system and pixel electrodes are 
formed on opposite sides of an insulating layer* 

Figure 15 is a cross sectional view of a partially 
fabricated display device in which electrodes are 
fabricated over the transistor circuits . 
10 Figure 16 is a top view of a preferred embodiment of 

a patterned pixel electrode. 

Figure 17 is a top view of another preferred 
embodiment of a patterned pixel electrode. 

Figure 18 is a top view of another preferred 
15 embodiment for a patterned pixel electrode. 

Detailed Description of Preferred Embodiment 

A preferred embodiment of the invention is 
illustrated in the process flow sequence of Figures 1A-1D. 
As described in detail in U.S. Patent No. 5 , 206,749, the 

20 contents of which are incorporated herein by reference, 
active matrix circuits for electronic displays can be 
fabricated in thin film single crystal silicon and 
transferred onto glass substrates for display fabrication. 
In Figure 1A a transistor 14 in an active matrix circuit 

25 has been formed with a thin film single crystal silicon 

layer 10 over an insulating layer on a silicon substrate 8 
(not shown in subsequent Figures for clarity) . The areas 
or regions 15 of the circuit in which pixel electrodes are 
to be formed are subjected to a silicon etch to expose the 

30 underlying oxide and as illustrated in Figure IB a 

transparent conductive pixel electrode 20 is then formed 
on or over the exposed oxide with a portion of the 
deposited electrode extending up the transistor sidewall 
16 to the contact metalization 18 of the transistor 14, A 
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passivation layer 22 (Figure 1C) is then formed over the 
entire device, which is then transferred to a optically 
transparent substrate 24 as shown in Figure ID. A 
transparent adhesive 26 as described in greater detail in 
5 U.S. Patent No, 5,256,562, the contents of which are 
incorporated herein by reference, is used to secure the 
circuit to the substrate 24. The composite structure 32 
is then attached to a count ere lect rode 30 and polarization 
elements (not shown) and a liquid crystal material 28 is 

10 then inserted into the cavity formed between the oxide 
layer 12 and the counterelectrode 30. 

The above process offers several advantages including 
reduction of optical transmission losses that occur when 
using a silicon pixel as described in U.S. Patent No. 

15 5,206,749, while at the same time using the smallest 
number of processing steps necessary to produce a 
dependable device with high yields and which are 
compatible with other processing requirements. 

Another preferred embodiment of the invention is 

20 illustrated in the process sequence of Figures 2A-2D. As 
in Figure 1A, an array of transistors 40 is formed using a* 
portion of the single crystal silicon layer 10 . In this 
embodiment, only the data line metalization 42 is formed. 
As shown in Figure 2B, a portion of the single crystal 

25 silicon of the transistor 40 is masked and the silicon 
area of each pixel electrode is removed to expose the 
underlying oxide 12. The mask (not shown) is removed and 
the transparent conductive electrode 44 such as indium tin 
oxide (ITO) is deposited with a contact region 46 being in 

30 direct contact with the single crystal silicon. A low 
temperature oxide 48 is then formed on the circuit for 
passivation as shown in Figure 2C and the device 
transferred onto a glass or plastic substrate 24, as shown 
in Figure 2D, where an adhesive 26 is used to bond the 

35 active matrix circuit to the substrate 24. 
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As described in previously incorporated U.S. Patent 
No. 5 , 206 , 749, the active matrix transistor circuits are 
formed in a single crystal silicon material having a 
silicon-on- insulator (SOI) structure prior to transfer, 
5 The SOI structure can be fabricated using a number of 
techniques including recrystallization of non- single 
crystal silicon that has been deposited on a silicon 
dioxide layer formed on a single crystal silicon substrate 
(not shown in the figures for clarity) . This silicon or 

10 other semiconductor substrate can be removed by etching 
after bonding of the circuit to transparent substrate 24. 
Other methods for SOI structure fabrication including the 
bonding of two wafers with an adhesive and lapping of one . 
wafer to form a thin film and transfer of the thin film 

15 onto glass, or alternatively by implantation of oxygen 
into a silicon wafer, can also be used. 

Figure 3 illustrates a pixel electrode connection to 
the transistor 50 in which a second Totalization 52 is 
used to connect the transparent conductive pixel material 

20 54 to the transistor electrode metalization 56. 

Another preferred embodiment for the fabrication of 
transmissive pixel electrodes is illustrated in the 
process sequence of Figures 4A-4D. Figure 4A shows a 
cross -sectional view of the transistor 60 circuit after 

25 removal of silicon from the pixel electrode area 62. In 
Figure 4B a low temperature oxide layer 64 is deposited 
before fabrication of the pixel electrode. In Figure 4C 
the passivation layer is cut 66 to expose the transistor 
metalization for the pixel electrode as well as to expose 

30 the pixel electrode area 62. The conductive transmissive 
pixel electrode 68 is then formed, as shown in Figure 4D, 
to cover the pixel electrode area, a portion of the 
passivation layer, and in contact with the exposed 
transistor metalization. The electrode 68 can cover all 
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or a portion of the transistor area which is useful for EL 
display fabrication. 

Another preferred method of fabricating a conductive 
transparent pixel electrode is shown in Figure 5. In this 
5 embodiment the pixel electrode metalization 72 to the 

transistor 70 extends off the transistor circuit area onto 
or over the exposed oxide 12. The transparent pixel 
electrode material 74 contacts the metalization in an 
offset contact area 7G. A passivation layer (not shown) 

10 is formed after deposition of the pixel electrode material 
74, As discussed hereinafter, an electroluminescent 
material and/or color filter elements can be fabricated 
over the pixel electrodes in this and other embodiments 
described herein, and the resulting display circuit 

15 transferred onto a second substrate when desired. 

Another preferred embodiment is shown in the process 
sequence of Figures 6A-6D. In this embodiment, the 
circuit 80 is prepared through data line metalization as 
shown in Figure 6A. A via 82 is opened through the oxide 

20 layer 81 to the single crystal silicon material (Figure 
6B) . The via openings for each transistor circuit in the 
matrix are then prepared for pixel electrode material 
deposition by either a sputter etch, a surface treatment 
84 of the silicon using a palladium or platinum chloride, 

25 or alternatively, by deposition of a thin nickel layer. 
The pixel electrode material 86, which in the example is 
ITO, is formed on or over the prepared surface of the 
silicon exposed by the via (Figure 6C) , followed by the 
deposition of the passivation layer 88 (Figure 6D) . 

30 Figure 7 illustrates an embodiment similar to that 

formed in Figures 6A-6D except that the via is filled with 
deposited metal plug or contact filler 90. The filler can 
be an electroless plated nickel or be formed by chemical 
vapor deposition of a metal such as tungsten in a step 

35 separate from the formation of the other transistor 
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contact. This is followed by deposition and patterning of 
an ITO electrode 92 on or over the filler 90, the 
transistor sidewall and the pixel electrode area. This 
process provides for use of a different material for the 
5 pixel electrode contact than that used for data line 
Totalization. This provides improved conduction to the 
ITO electrode material. 

Additional, preferred embodiments of the invention 
involve processes for fabricating active matrix pixel 

10 electrodes after transfer of the active matrix circuit 
onto a transparent a substrate and exposure of the 
backside of the insulator on which the thin film single 
crystal silicon was formed. A process sequence 
illustrating this embodiment is shown in Figures 8A-8D. 

15 Note that the transfer substrate is used but not shown in 
the figures for clarity. In this process a transferred 
active matrix circuit is prepared as shown in Figure 8A. 
A via 102 is formed through the insulator 12 to expose a 
contact area 104 of the silicon in the transistor circuit 

20 as shown in Figure 8B. Surface treatment 106 of the 

exposed silicon as described previously can be applied if 
needed, also as shown in Figure 8B. A conductive 
transparent electrode material 108 is then deposited and 
patterned to make electrical contact to the transistor 

25 circuit through the via 102 and simultaneously form the 
pixel electrodes (Figure 8C) . As shown in Figure 8D, an 
additional metal layer 110 or other conductive material 
can be formed between the electrode material 108 and the 
contact area 104 to improve conductivity. Layer 110 can 

30 also act as an opaque light shield on one side of the 
transistor circuit. A separate light shield region 120 
can also be formed on the second side of the circuit in a 
manner similar to that described in greater detail in U.S. 
Patent Serial No. 5,256,562, the contents of which were 

35 previously incorporated by reference. 



WO !>5/25983 



PCT/US95/03365 



-11- 

Another preferred embodiment of the invention is 
described in connection with Figures 9A-9E. A transferred 
circuit 200 is shown in Figure 9A. The pixel electrode 
area is defined by the removal of the insulator region 210 
5 to form apertures in the insulating layer. The contact 
area 215 is defined by via 230 shown in Figure 9B. The 
single crystal silicon is removed from the exposed pixel 
electrode area 220 in Figure 9C, and the via 23 0 to the 
transistor circuit is optionally treated 240 as shown in 

10 Figure 9D. The transparent pixel electrode material 250 
is then formed in the via 230 and the pixel electrode area 
220 as shown in Figure 9E. The device is now ready for 
final display fabrication as described previously. 
A further embodiment shown in Figures 10A-10B 

15 involves exposing a portion 300 of the single crystal 

silicon layer in which the transistor circuit is formed in 
the step shown in Figure 9B, and masking the portion of 
the circuit during removal of the silicon to form the 
structure shown in Figure 10 A. The conductive transparent 

20 electrode 310 is formed as shown in Figure 10B that can 
directly contact the transistor circuit at contact area 
300, or the exposed silicon can be treated prior to 
contact formation as described previously. A further 
passivation layer (not shown) can also be added to cover 

25 the pixel electrode 310 to provide electrical isolation, 
and planarization of the pixel area. 

As pixel areas have become smaller, the use of more 
resistive metal oxides having more suitable optical 
properties for transmiosive displays has become a 

30 possibility. Metal oxides such as zinc oxide, titanium 

oxide, and tin oxide having transmissivities of 99% can be 
used rather than ITO even though the resistivities of 
these materials can be 10-1000 times that of ITO, The 
fabrication of a titanium dioxide pixel electrode is shown 

3 5 in Figures 11A-11B. This process or other metal oxides or 
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metal nitrides can, be used in any of the processes 
described elsewhere herein for forming pixel electrodes 
after or during transistor fabrication. In this process 
two electrode layers 330, 340 are formed which are 
5 separated by an insulator 345, First layer 330 acts as a 
ground plane and is electrically connected to the 
electrode 350 on the opposite side of the liquid crystal 
material 360, This structure provides improved electrical 
isolation for the pixel electrode 340 that actuates the 

10 pixel element. An interconnect 348 is used to connect 

electrode 340 to the transistor in an area outside of the 
region occupied by electrode 330. Color filters can be 
used in this embodiment as well. 

Figures 12A-12E illustrate another preferred process 

15 flow sequence for fabrication of a color filter system 
that can be used without limitation, for example with 
transmissive displays, emissive displays, head mounted 
displays or projection displays. In particular, the color 
filters are polyimide color filters. More specifically, 

20 the color filter illustrated is a Pic Green 02 polyimide 
filter material available from Brewer Science, Inc. of 
Rolla, Missouri. Blue and red filter materials are also 
available from the same source and use substantially the 
same processing sequence as described hereinafter. As 

25 described elsewhere herein, other color separation and 
selection techniques can also be employed that are 
compatible with conventional semiconductor photolitho- 
graphy and processing methods. 

As shown in Figure 12 A, a pixel element 410 having an 

30 electrode 412 and a transistor 414 is formed on an 

insulating layer 415. An optional nitride layer 420 can 
be formed over the pixel element 410, as shown in Figure 
12B. Ah optional adhesion promoter (not shown) can next 
be coated and baked onto the nitride layer 420. The 

35 adhesion promotor can be APX K-l, also provided by Brewer 
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Science, Inc., which can be spun onto the wafer at 5000 
RPM f and then baked in an oven. In a preferred 
embodiment, however, an adhesion promoter is not used. 

A layer of polyimide, such as PiC Green 02 is spun on 
5 over the circuit at a speed of 1000-4000 rpra for 90 

seconds. The resulting structure is shown in Figure 12C, 
The polyimide layer 430 is about 0.5 to 5 microns thick. 
In a preferred embodiment, the polyimide layer 430 is 
about 1 to 2 microns thick. The structure is then 

10 subjected to a solvent removal bake at 120°C for 60 

seconds on a hotplate for example* It should be noted 
that a the particular conditions of the solvent bake is 
not critical. The structure is then subjected to a second 
or "beta" bake at 175°C on a hotplate for 90 seconds in 

15 vacuum contact. It is critical that the temperature be 
uniform in the beta bake step because the beta bake 
defines the develop processing characteristics. 

As shown in Figure 12D, a photoresist pattern 440 is 
applied to the structure. The positive photoresist is 

20 coated, baked and exposed to ultraviolet light 450 using a 
mask (not shown) at 1.5 to 2 times the normal dosage. The 
pattern is then developed with a standard fluid developer 
for 40 seconds. The developer is preferably a metal ion 
free developer such as Shipely MP- 3 12. The polyimide 430 

25 will develop with the photoresist. The structure is then 
rinsed in water and dried with nitrogen or clean 
compressed air. 

The photoresist 440 is then removed with a 
commercially available carbon based solvent, such as 

30 Safestrip from Brewer Science, Inc M which is spun onto 
the structure. The resulting color filter structure 435 
shown in Figure 12E is then hard baked between 200° and 
280°C for one hour in an oven. In a preferred embodiment, 
the baked temperature is 230°C. 
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The above process is repeated for the red and the 
blue color filters to provide a full color liquid crystal 
display or EL display. The spin speed and bake 
temperature are varied as needed depending upon the size 
5 of the color filter element. After the color filter 
elements are completed, the resulting structure is 
encapsulated using a layer of silicon nitride, oxynitride 
or .silicon oxide. An optically clear polyimide layer can 
also be used for encapsulation and planar izat ion. The 

10 circuit can then be transferred onto a second substrate in 
accordance with previously described procedures depending 
upon the type of display being fabricated. 

Another preferred embodiment uses red, blue, and 
green polyimides which incorporate photosensitive 

15 material. In this embodiment, the polyimides are put on, 
exposed and developed. No photoresist is needed using 
this process. In another preferred embodiment, a filter 
fabrication process using negative photoresist materials 
is employed to form an array of color filter elements. 

20 To form a first color filter on each pixel electrode, 

a pigment is dispersed in a negative resist material and 
applied as a film. Such colored negative photoresist 
materials are commercially available. A portion of the 
film is exposed to light. The remainder of the film is 

25 masked (not shown) such that it is not exposed to the 
light. The exposed portion of the film is developed in 
the presence of the light to form a first color filter 
element. The undeveloped portion of the film is removed, 
leaving a pattern of first color filter elements adjacent 

30 to each pixel electrode. Second and third color filter 

elements are formed in a similar manner as the first color 
filter elements. 
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Optionally, a, matrix array of opaque (or black) 
elements can be formed over or adjacent the transistor 
region of each pixel electrode as well as over the 
interprise spaces. Each opaque element serves to absorb 
5 light and provide a uniform background. 

In other preferred embodiments, a color filter array 
is formed adjacent to the active matrix circuitry by 
applying a color photographic development process for each 
color which uses color-coupler containing developers. 

10 A black and white silver halide emulsion layer is 

formed adjacent to each pixel electrode of the active 
matrix. The formation of color filter elements utilizing 
a silver halide emulsion can be reviewed in greater detail 
in U.S. Patent No. 4,400,454, An isolation layer such as 

15 Si0 2 , is formed over the active matrix and patterned to 
expose the portion of the emulsion layer adjacent each 
pixel electrode. This portion of the emulsion layer is 
exposed to light to provide silver particles. A first 
developer containing a color coupler is added to each 

20 exposed region of the emulsion layer. As such, a dye of a 
first color is then formed in each region. Next, the 
silver is removed by bleaching or rehalogenating for each 
region. 

Portions of the unexposed silver halide emulsion 
25 layer electrode adjacent to each pixel are then exposed to 
light through a patterned isolation layer formed over the 
active matrix. A second developer containing a color 
coupler is added to each exposed region of the emulsion 
layer to form a dye of a second color in each region. 
30 Next, the silver is removed by bleaching or rehalogenating 
for each region. 

The remaining portions of the unexposed silver halide 
emulsion layer adjacent to the pixel electrodes are then 
exposed to light through a patterned isolation layer. A 
35 third developer containing a color coupler is added to 
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each exposed region of the emulsion layer to form a dye of 
a third color in each region. Next, the silver is removed 
by bleaching or rehalogenating for each region • The 
isolation layer is removed and any silver halide remaining 
5 in the emulsion layer is removed by fixing- An array of 
color filter elements are thus formed adjacent to each 
pixel electrode. 

Alternatively, a color filter array can be formed by 
applying a color photographic development process which 

10 uses developers containing dye developers. To accomplish 
this, the above -described process is performed using 
developers containing dye developers instead of developers 
containing color couplers . After processing such as that 
described in the Figures the thin film with the formed 

15 color filter elements can than be transferred, if 

necessary, for further processing prior to final display 
fabrication. 

The above procedures use a process in which the color 
filters are placed directly on the circuit wafer before 

20 transfer. This minimizing aberrations and eliminates the 
need for mechanical alignment which can be particularly 
difficult with smaller pixel Bizee. An alternative 
embodiment is to put the color filter system on one side 
of the transfer substrate such as the glass substrate 500 

25 in a transmissive liquid crystal display as illustrated in 
the process sequence of Figures 13A-13C. Processing is 
the same to form the colored pixels. A formed green color 
filter element 510 is shown in Figure 13A. The blue and 
red filter elements are then formed as shown in Figure 13B 

30 and the circuit is then aligned with and transferred onto 
the color filter substrate 500 with the pixel electrodes 
and color filter elements bonded by an adhesive 540. 
After alignment the pieces are locked into place using UV 
cured adhesive tacks, mechanical fixture or laser spot 

35 tacking, and then oven baked to achieve the full cure on 
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the transfer adhesive. A liquid crystal display is 
fabricated in accordance with this method is shown in the 
cross sectional view of Figure 13C where pixel electrodes 
550, 560 are separated from correlated aligned color 
5 filter elements 510, 520 by a thin adhesive layer 540 that 
is about 1-5 microns thick. Transistors 580 actuate the 
electrodes to control the transmission of light at each 
pixel through the liquid crystal material 590 f 

Figures 14A-14C illustratas a process similar to that 

10 shown in Figures 8A-8D, except that color filter elements 
600 are fabricated after transistor 100 formation and 
prior to transfer and fabrication of the pixel electrodes 
on the opposite side of the insulator 12 (Figure 14A) . 
Figure 14B shows the structure after transfer onto 

15 substrate 620 with adhesive 610 and exposure of transistor 
contact 104. Figure 14C shows the device after electrode 
108 formation on the opposite side of insulator 12. The 
electrode 108 can be formed on the opposite side of 
insulator 12 using the various methods previously 

20 described herein. 

As display resolutions increase, the demand for real 
estate may increase such that the electrodes and 
transistors are formed in separate layers as shown in 
Figure 15. As shown, a transistor circuit 714 is formed 

25 on a insulating layer 715. An insulator 720 is deposited 
over the transistor. An electrode 712 is formed over the 
insulator 720 or adhesive. The electrode 712 is 
interconnected to the transistor circuit 714 by an 
interconnect 713 through the insulator layer 720. This 

30 way, pixel elements having stacked electrodes 712 and 

transistors circuit 714 can be fabricated in an array of 
pixels. An EL stack 730 employing a white phosphor layer 
and color filter elements as described elsewhere herein, 
and in U.S. Serial No. 07/943,896 filed on September 11, 

35 1992 which is incorporated herein by reference, are then 
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fabricated over electrode 712, either by monolithic 
fabrication or transfer and alignment on a prefabricated 
EL stack 730 or incorporation into a liquid crystal 
display. 

5 Figures 16-18 are top views of patterned pixel 

electrodes for three preferred embodiments of an active 
matrix of a flat panel display. In these embodiments 
regions of the silicon material in an SOI structure are 
removed to form a pattern in each electrode. The 

10 electrode pattern can be in the form of a checkerboard 
pattern as shown in Figure 16 in which an aray of 
separated squares have been removed, a linear grid as 
shown in Figures 17 and 18, a serpentine shape, or other 
suitable aperture geometry to reduce transmission loss 

15 through each pixel electrode. The individual pixel 

electrode 810 as shown in Figure 16 initially comprises a 
solid layer of single crystal silicon. However, the 
element is processed such that areas 820 of silicon are 
removed and regions 815 of silicon remain. As shown in 

20 Figure 17 such, the resulting pixel electrode 830 

resembles a grid. The open areas 835 have a width (Wl) in 
a range of 1-6 microns and the strips 840 of electrode 
material have a width (W2) of in a range of about 1-6 
microns. In a preferred embodiment, there are 8-10 

25 removed areas 835 on the pixel electrode 830. Areas 835 
and stips 840 in Figure 17 both have widths of about 2.5 
microns. In Figure 18 the pixel electrode 850 has removed 
areas or apertures 860 and strips 870 of electrode 
material that are both about 3 microns in width. 

30 The grid provides an aperture through each pixel 

electrode that improves transmission of light by reducing 
interference effects and also reducing reflection, 
absorption, and scattering caused by the pixel material. 
One advantage of the grid-shaped pixels is the increased 

35 light transmission through the active matrix, which 
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results in brighter displayed images. Another advantage 
is that grid- shaped pixels minimize thickness variations 
in the single crystal silicon layer. These thickness 
variations cause light absorption or interference, which 
5 reduces the light transmission through the active matrix.. 
By minimizing thickness variations, brighter displayed 
images can be provided* 

Equivalents 

While this invention has been particularly shown and 
10 described with reference to preferred embodiments thereof, 
it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the spirit and scope of the 
invention as defined by the appended claims. 
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Claitns 



We claim: 



1. A method of forming an active matrix display 
comprising: 

5 forming an array of transistor circuits with a 

semiconductor layer over a first substrate the 
semiconductor layer having openings to define pixel 
electrode regions; 

forming an array of pixel electrodes in each of 
10 the pixel electrode regions, each pixel electrode 

being electrically connected to one of the transistor 
circuits; and 

transferring the array of transistor circuits 
and the array of pixel electrodes from the first 
15 substrate onto a second substrate. 

2. The method of Claim 1 further comprising forming an 
insulating first substrate by forming a thin film of 
silicon dioxide on a silicon substrate and forming 
the semiconductor layer comprising single crystal 

20 silicon on the silicon dioxide. 

3. The method of Claim 2 wherein the transferring step 
further comprises bonding the array of pixel 
electrodes and transistor circuits to an optically 
transmissive substrate. 



25 4, The method of Claim 3 further comprising etching the 
silicon substrate to remove the active matrix from 
the substrate, the thin film insulating layer being 
optically transmissive. 
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5. The method of -Claim 1 further comprising forming a 
color filter array over the pixel electrodes* 

6. The method of Claim 5 wherein the color filter 
forming step comprises forming a polyimide film over 

5 each pixel electrode and heat treating the polyimide 

film. 

7. The method of Claim 1 wherein the pixel electrode 
forming step comprises forming regions of a metal 
oxide or a metal nitride. 

10 8. The method of Claim 1 wherein pixel electrode forming 
step comprises forming regions of indium tin oxide. 

9. A method of forming an active matrix display 
comprising: 

forming a semiconductor layer over an insulating 
15 layer and a first substrate; 

forming an array of transistor circuits with the 
semiconductor layer; 

transferring the array of transistor circuits 
and the insulating layer from the first substrate 
20 onto a second substrate; and 

removing portions of the insulating layer to 
define an array of pixel electrode apertures 
extending through the insulating layer. V 



10. The method of Claim 9 further comprising forming the 
25 semiconductor layer with single crystal silicon, 

removing portions of the single crystal silicon to 
define pixel electrode regions and forming the 
insulating substrate layer over the first comprising 
forming a thin film of silicon dioxide on a silicon 
30 substrate. 
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11. The method of Claim 10 wherein the transferring step 
further comprises bonding the array of transistor 
circuits to an optically transmissive substrate and 
after the removing step forming an array of pixel 
5 electrodes in the array of apertures. 

12 • The method of Claim 11 f urther comprising etching the 
silicon substrate to remove the active matrix from 
the substrate, the thin film insulating layer being 
optically transmissive. 

10 13 . The method of Claim 9 further comprising forming a 

color filter array over the pixel electrodes regions. 

14 . The method of Claim 13 wherein the color filter 
forming step comprises forming a polyimide film over 
each pixel electrode and heat treating the polyimide 

15 film. 

15. An active 'matrix liquid crystal display comprising: 

an array of transistor circuits formed with a 
semiconductor layer extending in a plane over an 
insulating layer; 
20 an array of pixel electrodes positioned in the 

plane of the semiconductor layer over regions of the 
insulating layer; and 

a liquid crystal material positioned between the 
array of pixel electrodes and a counterelectrode. 

25 16. The active matrix liquid crystal display of Claim 15 
wherein the semiconductor layer comprises single 
crystal silicon having an array of openings to define 
pixel electrode regions and the insulating layer 
comprises a thin film of silicon dioxide. 
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17. The active matrix liquid crystal display of Claim 15 
further comprising an adhesive that bonds the array 
of pixel electrodes and transistor circuits to an 
optically transmissive substrate. 

5 18. The active matrix liquid crystal display of Claim 15 
further comprising a color filter array over the 
pixel electrodes. 

19. The active matrix liquid crystal display of Claim 18 
wherein the color filter array comprises a polyimide 

10 film over each pixel electrode, 

20. The active matrix liquid crystal display of Claim 15 
wherein each pixel electrode comprises a metal oxide 
or a metal nitride. 

21. The active matrix liquid crystal display of Claim 15 
15 wherein each pixel electrode comprises regions of 

indium tin oxide. 



22. An active matrix liquid crystal display comprising: 
an array of transistor circuits formed with a 
semiconductor layer over an insulating layer 
20 extending in a plane; 

an array of pixel electrodes each pixel 
electrode conductively contacting a transistor 
circuit and positioned in the plane of the insulating 
layer; 

25 a liquid crystal material positioned between the 

array of pixel electrodes and a counterelectrode . 
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23. The active matrix liquid crystal display of Claim 22 
wherein the semiconductor layer comprises single 
crystal silicon having openings to define pixel 
electrode regions and the insulating layer comprises 

5 a thin film of silicon dioxide having apertures 

corresponding to the pixel electrode regions. 

24. The active matrix liquid crystal display of Claim 22 
further comprising a color filter array, each color 
filter including a polyimide film aligned with each 

10 pixel electrode. 

25. The active matrix liquid crystal display of Claim 22 
wherein each pixel electrode comprises a 
semiconductor oxide. 

26. The active matrix liquid crystal display of Claim 22 
15 wherein each pixel electrode comprises regions of 

indium tiji oxide* 
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